BLACK REFERENCE DATA CALCULATION METHOD AND IMAGE READER 



BACKGROUND OF THE INVENTION 
This invention relates to a black reference data 
calculation method of an image pick-up system used with an image 
reader and an image reader. 

Generally, an image reader for applying light from a light 
source to an original placed on an original mounting stage and 
reading light reflected on the original or passing through the 
original by a image pick-up system as image data is known. 

•The image pick-up system used with the image reader as 
mentioned above has a plurality of pixels implemented as 
charge-coupled device. An electric signal responsive to the 
amount of received light is output from each of the pixels 
constructing the image pick-up system. 

Since aplurality of pixels constructing the image pick-up 
system, the output value varies from one pixel to another to 
some extent. The light amount of a mercury lamp, a xenon lamp, 
etc., for example, used as a light source of the image reader 
in either end portion differs from the light amount in the center 
portion; both end portions become dark as compared with the 
center portion. 

Thus, variations in output values of pixels or variations 
in light amounts of a light source is corrected by making a 
shading correction to the electric signal output fromeachpixel . 



To make a shading correction, before the original read 
operation is executed, white reference and black reference are 
read and a correction value is calculated based on the electric 
signal output from each pixel. As for the white reference, 
5 for example, a white reference member of high reflectivity- 
disposed on the rear of an original guide for defining the 
position of an original is read, whereby white reference 
correction data for each pixel is created. On the other hand, 
for the black reference, the output value of the electric signal 

10 output from each pixel of image pick-up system is detected with 
the light source off, whereby variations in the output values 
of the pixels are detected and black reference data is created. 

The created black reference data is stored in a storage 
section of RAM, etc. , and is used to correct the electric signal 

15 output from each pixel when an original is read. Arts for 
creating and storing the black reference data for each pixel 
of image pick-up system are disclosed in JP-A-4-25285 and 
JP-A-5-268474. 

However, according to the arts disclosed in JP-A-4-25285 

20 and JP-A-5-268474, the black reference data is stored in the 
storage section for each pixel and thus the storage section 
requires a capacity responsive to the number of pixels. 
Consequently, a large storage capacity is required for storing 
the black reference data. 

25 According to the art disclosed in JP-A-5-268474, a method 



2 



of detecting the electric signal output from each pixel about 
several times and setting the black reference data for creating 
black reference data with the decreased effect of random noise 
is disclosed. However, if the electric signal is detected about 
5 several times and the detection values are averaged, accurate 
black reference data with the decreased effect of random noise 
cannot be provided, resulting in a problem of increasing noise 
contained in an image. 

SUMMARY OF THE INVENTION 
10 It is therefore an object of the invention to provide 

a black reference data calculation method of calculating black 
reference data requiring a small storage capacity. 

It is another object of the invention to provide a black 
reference data calculation method for reducing the noise of 
15 random noise. 

It is still another object of the invention to provide 
an image reader for reducing the noise of random noise and 
improving the quality of a read image. 

In order to solve the aforesaid object, the invention is 
20 characterized by having the following arrangement. 

(1) Ablack reference data calculation method for calculating 
black reference data of a plurality of pixels constituting an 
image pick-up system for each pixel, the method comprising: 
a light shut-off step of shutting off light incident on 
25 the image pick-up system; 



a detection step of detecting an output value of an electric 
signal output from each of the pixels a predetermined number 
of times for each pixel in a state that light incident on the 
image pick-up system is shut off; 
5 an output value adding-up step of adding up the output 

values detected at the detection step for each pixel; 

an average value calculation step of dividing the sum 
total of the output values added up at the output value adding-up 
step by the number of times the output value has been detected 
10 at the detection step to calculate an average value of the output 
values for each pixel; and 

a storage step of storing a difference between a previously 
setup value and the average value calculated at the average 
value calculation step for each pixel as the black reference 
15 data. 

(2) The black reference data calculation method according 
to (1), wherein the output value detection step is to detect 
the output value 100 times or more. 

(3) . An image reader comprising: 

20 a light source for applying light to an original; 

an image pick-up system including a plurality of pixels 
each for receiving light from the original and outputting an 
electric signal responsive to the received light amount; 

a detector for detecting an output value of the electric 
25 signal output from the image pick-up system a predetermined 



number of times in a state that the light source is shut off; 

an average value difference calculator for finding an 
average value of the output values detected by the detector 
for each pixel and calculating a difference between the average 
value for each pixel and a previously setup value as an average 
value difference; and 

a storage section for storing the setup value and the 
average value difference for each pixel. 

(4) The image reader according to (3), wherein the storage 
section has a first storage section for storing the setup value 
and a second storage section for storing the average value 
difference for each pixel. 

(5) The image reader according to (3) , wherein the detector 
detects the output value' of the electric signal output from 
each of the pixels 100 times or more. 

According to the black reference data calculation method 
according to (1) or the image reader according to (3), since 
the black reference data is calculated for each pixel and the 
difference between the average value and the setup value is 
recorded, the storage capacity can be lessened as compared with 
the case where the black reference data for each pixel is stored 
intact . 

According to the black reference data calculation method 
according to (2) or the image reader according to (5) , since 
the random noise is inversely proportional to the square root 



of the number of detection times by averaging, and the number 
of detection times is set to 100 or more and the output values 
are averaged, the random noise can be reduced equal to or less 
than the variation in the output values from each pixel. 
5 Therefore, the effect of the random noise can be decreased and 
the quality of the read image can be improved. 

According to the image reader according to (4), since 
the storage section is separated into the first storage section 
and the second storage section, the capacity of the first storage 
10 section for storing the setup value can be lessened. Since 
the average value differences are stored in the second storage 
section, is recorded, the storage capacity can be decreased 
as compared with the case where the black reference data itself 
is stored. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings : 

FIG. 1 is a flowchart to show a flow of a black reference 
calculationmethodof an image reader according to one embodiment 
of the invention; 

20 FIG. 2 is a schematic drawing to show the image reader 

according to the embodiment of the invention; 
FIG. 3 is a block diagram to show a processing section of the 
image reader according to the embodiment of the invention; and 
FIG. 4 is a drawing to schematically show a method of storing 

25 calculated black reference data in black reference memory in 
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the black reference calculation method of the image reader 
according to the embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 



Referring now to the accompanying drawings, there is shown 
5 a preferred embodiment of the invention. 

FIG. 2 shows an image reader according to one embodiment 
of the invention. 

As shown in FIG. 2, the image reader 1 includes a main 
unit 10 shaped like a box and an original mounting stage 11 
io on which an original 2 is placed is disposed on the top of the 
main unit 10. A carriage 20 that can be reciprocated in a 
subscanning directionparallel with the original mounting stage 
11 by drive unit 21 is provided in the main unit 10. 

A light source 22, a mirror 23, a condensing lens 24, 
15 and a line sensor as image pick-up system are mounted on the 
carriage 20. The mirror 23 is provided for reflecting light 
from the original 2 gathered on the line sensor 25 and lengthening 
the optical path. The condensing lens 24 allows light from 
the original 2 to be incident on the line sensor 25. The line 
20 sensor 25 uses an optical sensor of charge storage type 
comprising a plurality of pixels of CCD, etc., arranged linearly 
in a perpendicular direction to the move direction of the 
carriage 20. 

The light source 22 is placed in a main scanning direction 
25 perpendicular to the move direction of the carriage 20; a 
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fluorescent lamp, etc., is used as the light source. Light 
applied from the light source 22 is reflected on the surface 
of the original 2, such as paper, and is made incident on the 
line sensor 25. 

The original mounting stage 11 is surroundedby an original 
guide 12 for positioning the placement position of the original 
2 to be read and regulating a move of the original 2 when the 
original is read. White reference 13 having a uniform 
reflection surface of high reflectivity is placed at an end 
part of the original mounting stage 11 in the carriage move 
direction. 

The main unit 10 contains a processing section 30 
constituted by a CPU (central processing unit) 31, an A/D 
converter 32, RAM (random access memory) 33, ROM (read-only 
memory) 34, an image processing section 40, and a storage section 
50. The CPU 31 performs whole control of the image reader 1 
such as drive control of the carriage 20, control of turning 
on and off the light source 22, and processing of image data 
created in the image processing section 40. The A/D converter 
32 converts an analog electric signal output from the line sensor 
25 and amplified by an amplifier 36 into a digital electric 
signal. The RAM 33 temporarily stores the digital electric 
signal output from the A/D converter 32, the image data created 
in the image processing section 40, and the like. A computer 
program executed by the CPU 31 for controlling the components 



of the image reader 1 is stored in the ROM 34. 

The image processing section 40 has a correction section 
41 and a black reference data creation section 42. The 
correction section 41 is constituted by a shading correction 
5 section 411, a gamma correction section 412, and a miscellaneous 
correction section 413. 

For the digital signal output from the A/D converter 32, 
the shading correction section 411 of the correction section 
41 corrects variations in sensitivity for each element of the 

10 line sensor 25 or variations in light amounts of the light source 
22 in the main scanning direction by utilizing white reference 
data provided by reading the white reference 13 before read 
is started and black reference data created by the black 
reference data creation' section 42. The gamma correction 

15 section 412 makes a gamma correction based on a predetermined 
gamma function and converts the digital light amount signal 
undergoing the shading correction into digital image data . The 
miscellaneous correction section 413 executes miscellaneous 
conversion of color correction, edge enhancement, area scaling 

20 up and down, etc. 

The digital image data created in the image processing 
section 40 is output through an interface 14 provided in the 
main unit 10 to an external image processing apparatus, such 
as a personal computer 3, connected to the image reader. 

25 The black reference data creation section 42 includes 



a detection section 421 and an average value difference 
calculation section 422. The detection section 421 detects 
a digital output value for each pixel of the line sensor 25. 
The average value difference calculation section 422 averages 
5 the digital output values detected by the detection section 
421 for each pixel of the line sensor 25, and calculates the 
difference between the average output value for each pixel and 
a previously setup value as an average value difference. 

The storage section 50 is implemented as RAM and is 
10 constitutedby white reference memory 51, black reference memory 

52 as a second storage section, and black reference base memory 

53 as a first storage section. The white reference memory 51, 
the black reference memory 52, and the black reference base 
memory 53 are provided as the same or different RAM devices. 

15 Next, a black reference calculation method of the image 

reader 1 according to the embodiment will be discussed with 
reference to FIG. 1. 

To calculate the black reference data, the light source 
22 is turned off (S101) . As the light source 22 is turned off, 

20 incidence of light on the line sensor 25 is shut off. In the 
state that incidence of light on the line sensor 25 is shut 
off, the CPU 31 instructs the detection section 421 to detect 
the digital output value from each pixel of the line sensor 
25 for eachpixel . The detection section 421 detects the digital 

25 output value from each pixel of the line sensor 25 in response 
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to the instruction from the CPU 31 (S102) . 

The detection section 421 detects the output value a 
predetermined number of times. In the embodiment, the output 
value is detected 128 times (S103) . The reason why the number 
5 of times the output value of the electric signal output from 
each pixel of the line sensor 25 is detected is set to 128 in 
the embodiment is as follows: 

In the state that light incident on the line sensor 25 
is shut off, there is about 1 mV variation in the output value 

10 of the electric signal output from each pixel of the line sensor 
25. On the other hand, random noise occurring in each pixel 
of the line sensor 25 is about 10 mV. Thus, unless the random 
noise occurring from each pixel of the line sensor 25 is reduced 
to at least 1/10, the output value from each pixel of the line 

15 sensor 25 with incident light shut of f, namely, dark-time output 
cannot accurately be found. 

In execute of the averaging processing, if the number 
of times an output value is to be detected is set to n times, 
random noise can be decreased by 1/ (n 1/2 ) . Therefore, to reduce 

20 the random noise to 1/10, the number of detection times, n, 
needs to be set to 100 or more . Considering internal processing 
of data in the processing section 30, it is desirable that the 
number of detection times should be set to 2 m (m is an integer) . 
Therefore, in the embodiment, the number of detection times 

25 is set to 2 7 = 128. 



The digital output values from each pixel of the line 
sensor 25, detected by the detection section 421 are sent to 
the average value difference calculation section 422, and then 
the average value difference calculation section 422 adds up 
5 the digital output values for each pixel of the line sensor 
25 (SI 04) . That is, whenever the output value for each pixel 
of the line sensor 25 is detected in the detection section 421, 
the output values are added up. Therefore, the output value 
for each pixel of the line sensor 25 is detected 128 times and 

10 the 12 8 output values are added up. 

The sum total of the output values for eachpixel is divided 
by the number of times, n=128 (S105) . That is, the average 
value of the output values for each pixel of the line sensor 
25 is calculated (S106) .* 

15 When the average value is calculated for each pixel of 

the line sensor 25, the average value difference calculation 
section 422 calculates the difference between a previously setup 
value and the average value as the average value difference 
(S107) . The setup value is a preset offset value of black 

20 reference data and is stored in the black reference base memory 
53 of the storage section 50. 

The setup value can be preset by inputting from the outside 
of the image reader 1. The average values of the output values 
calculated for each pixel of the line sensor 25 may further 

25 be averaged and the result may be set as the offset value. 
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The average value difference calculation section 422 
calculates the difference between the average value for each 
pixel and the setup value. The calculated difference between 
the average value and the setup value is stored in the black 
5 reference memory 52 for each pixel as the average value 
difference (S108) . 

For example, assuming that the average values of the output 
values from pixels PI to P10 of the line sensor 25, calculated 
by the average value difference calculation section 422 are 

10 Pl=12, P2=13 / P3=9, P4=16, P5=6, P6=P19, P7=5, P8=20, P9=13, 
and PI 0=10 as shown in FIG. 4 and that if the setup value stored 
in the black reference base memory 53 is 10, Ml=+2, M2=+3, M3=-l, 
M4=+6, M5=-4, M6=+9, M7=-5, M8=+10, M9=+3, andM10=0 are stored 
in storage locations Ml to M10 of the black reference memory 

15 52 corresponding to the pixels PI to P10 of the line sensors 
25 . Accordingly, the storage capacity is decreased as compared 
with the case where the output values of the pixels are stored 
in the black reference memory 52 as they are. 

The reason why the black reference data is stored as the 

20 difference between each average value and the setup value is 
as follows : 

To set white reference, the light amount at each end part 
of the light source 22 in the main scanning direction differs 
largely from the light amount at the center of the light source 
25 22 and thus the output value from one pixel of the line sensor 



25 also differs largely from that from another pixel. For 
example, assuming that the output gradation of the line sensor 
25 is eight-bit, 256 gradation steps, the output value from 
one pixel at the end part of the line sensor 25 becomes about 
5 100 because the end part of the light source 22 in the main 
scanning direction is dark. On the other hand, the output value 
from one pixel at the center of the line sensor 25 becomes 200 
or more because the center of the light source 22 in the main 
scanning direction is well lighted. 

10 Thus, to set the white reference, if the offset value 

is set for each pixel, the difference between the output values 
from the pixels is large and a decrease in the storage capacity 
of the white reference memory 51 is not accomplished. 

In contrast, to set the black reference, the output values 

15 of the electric signals output from the pixels of the line sensor 
25 almost equal and the difference therebetween is small . Thus, 
the offset value is set, whereby the storage capacity of the 
black reference memory 52 can be decreased efficiently. 

The operationof the described image reader 1 is as follows : 

20 When the image reader 1 is powered on, power is supplied 

to the components of the image reader 1 including the light 
source 22 and the line sensor 25. The CPU 31 instructs the 
image processing section 40 to read the white reference data 
and the black reference data . When the image processing section 

25 40 is instructed to read the white reference data and the black 



reference data, first, reading the black referenced data is 
started. At this time, the light source 22 is turned off as 
instructed by the CPU 31. The image processing section 40 
calculates the black reference data and stores the data in the 
5 black reference memory 52 according to the black reference 
calculation method described above. 

Upon completion of calculating the black reference data, 
the CPU 31 turns on the light source 22 and starts calculating 
the white reference data. The white reference 13 is read to 

10 calculate the white reference data. The calculated white 
reference data is stored in the white reference memory 51. 

Upon completion of calculating the black reference data 
and the white reference data, the CPU 31 notifies a driver program, 
such as TWAIN, started in the personal computer 3 that the image 

15 reader 1 is ready for reading an original. When the user 
recognizes that the image reader 1 is ready for reading an 
original, he or she places the original 2 to be read on the 
original mounting stage 11 and instructs the image reader 1 
to start reading the original 2 through the personal computer 

20 3. 

When the user instructs the image reader 1 to start reading 
the original 2, the CPU 31 controls the drive system 21 to move 
the carriage 2 0 in the subscanning direction at constant speed. 
Light reflected on the original 2 is incident on the line sensor 
25 25 and the incident light is converted into charges and the 
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charges are accumulated. The accumulated charges are 
transferred to a shift register (not shown) of the line sensor 
25 by a drive signal generated every predetermined time and 
an electric signal for one line is output from the line sensor 
5 25. The digital image data corrected by the image processing 
section 40 is output via the interface 14 to the personal computer 
3. 

The above-mentioned processing is repeated while the 
carriage 20 is moved in the subscanning direction at constant 

10 speed, whereby the original 2 is read. 

As described above, according to the image reader 1 in 
the embodiment of the invention, the average value is calculated 
for each pixel of the line sensor 25. The difference between 
the calculated average value and the setup value (offset value) 

15 is calculated and the calculated difference is stored in the 
black reference memory 52 as the black reference data. Thus, 
the storage capacity required for storing the black reference 
data can be decreased and the storage capacity of the black 
reference memory 52 can be lessened. 

20 According to the image reader 1 according to the embodiment 

of the invention, the output value of the electric signal output 
from each pixel of the line sensor 25 is detected 100 times 
or more. Thus, the effect of random noise can be reduced less 
than the variation in output from the pixels. Therefore, the 

25 noise contained in the image data is decreased and the quality 
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of the read image can be improved. 

In the embodiment of the invention, the case where a 
reflection original such as paper is read using the image reader 
of flat bed type has been described. However, the invention 
can be applied not only to the image reader of flat bed type, 
but also to an image reader of sheet feed type, and can be applied 
to image readers for reading not only reflection originals, 
but also transparent originals such as films. 
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